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BASIS FOR THE INVESTIGATION 


It has long been recognized that too close breeding causes a de- 
creased productiveness in corn and that crossing varieties tends 
frequently to result in increased vigor and yield. On the basis of 
this knowledge some of the older methods of corn breeding were 
planned carefully to avoid possible inbreeding and some to utilize 
the vigor of first-generation crosses between varieties. The Mende- 
lian interpretation of hybrid vigor, as due to the complementary 
action of dominant favorable growth factors, gave a plausible explana- 
tion of the phenomena of inbreeding and crossbreeding. The general 
acceptance of this interpretation has caused an extensive revision of 
corn-breeding methods. It is recognized that maintaining a high 
degree of hybridity only prevents the expression of unfavorable 
recessive factors without eliminating them. The newer methods 
therefore seek to bring these unfavorable factors into expression, 
where they may be recognized and eliminated. This involves selec- 
tion within self-fertilized lines as the first step. 

A study of the possibility of obtaining larger yields of corn by 
methods involving selection within self-fertilized lines was begun 
among the plants of the F, generation of the cross Whatley x St. 


1 The breeding plats from which the strains used in these experiments were obtained were conducted 
by the senior writer in cooperation with Lee Wilson &°Co., Armorel, Ark., in 1916, 1917, and 1918 and 
the Burdette Plantation, Burdette, Ark., in 1919, 1920, and 1921. The senior writer also is responsible 
for the self and cross pollinations made at the Arlington Experiment Farm in 1921, for the preparation of 
this seed for planting, and for the general plan of the experiment. The breeding plats in 1922 and sub- 
sequent years and the yield experiments in 1922 and 1923 were located at Knoxville, Tenn., in cooperation 
with the Tennessee Agricultural Experiment Station and under the supervision of the junior writer. The 
writers wish to express their appreciation of the assistance rendered by S. H. Essary, of the ‘Tennessee 
Agricultural Experiment Station, during the progress of the experiments at Knoxville. 
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Charles White, designated U. S. Selection No. 201, in 1916. Mass 
selection was begun at the same time, to provide a standard for 
measuring progress and in the hope of establishing a variety of 
economic value for the locality. In selecting within self-fertilized 
lines, the better plants of a line, the better lines of a strain of related 
lines, and the better strains of No. 201 were chosen in general. The 
basis of selection was the production of sound grain per plant, con- 
sideration being given also to maturity, general plant proportions, 
and freedom from extreme abnormalities. Data showing the effects 
of mass selection through six generations and the productiveness of 
crosses made following four generations of selection within self- 
fertilized lines have been published (6).2 The present bulletin, a 
second progress report, presents the data obtained in 1922 and 1923. 
These include (1) a comparison of the productiveness of successive 
generations of self-fertilized lines of corn, (2) a comparison of crosses 
between these lines, and (3) data on the yields of crosses between 
lines after six generations of self-fertilization, the yields of analogous 
crosses following four generations of self-fertilization having been 
presented previously (6). 


THE COMPARISON OF SUCCESSIVE GENERATIONS 


The number of generations of self-fertilization to practice before 
comparing crosses between lines of corn has been a subject of dis- 
cussion among corn breeders. The comparison of the productive- 
ness of successive generations of self-fertilized lines and their crosses 
was made in the hope that it might give some information on this 


question. 
GROWING SEED FOR COMPARISON 


In order to compare the different generations fairly it was necessary 
to have seed of each that was of the same age and that had been 
grown under identical conditions. The remnants of the breeding 
ears had been saved each season. Seed from some of these remnants, 
together with seed from the 1921 breeding ears, was planted in indi- 
vidual rows at the Arlington Experiment Farm, Rosslyn, Va., in 1921. 
Some of the plants representing each selected line were self-pollinated, 
and others were crossed with other selected lines. In making cross- 
pollinations a mixture of pollen from two to five plants was used to 
obtain a better representation of the staminate parent. 


METHOD OF COMPARISON 


The productiveness of the different lines and crosses was compared 
in cooperation with the Tennessee Agricultural Experiment Station 
at Knoxville, Tenn., in 1922. The successive generations of one 
strain were compared in a unit consisting of a number of rows 90 
hills long. The individual plats consisted of single rows of 10 hills 
with 2 plants per hill, making 20 plants per plat, facts permitting. 
The comparisons of crosses between strains were made in a similar 
manner. The plan of planting one of these units, that in which 
the crosses between the 3-1- and 5-1- strains were compared, is 
shown in Table 1, as an example. The index numbers used to indi- 
cate the location of the different crosses in this table correspond to 
those in column 1 of Table 2. 


The serial numbers (italic) in parentheses refer to ‘‘ Literature cited,’ at the end of this bulletin. 


_increase the proportion of barren plants. 


PRODUCTIVENESS OF SELF-FERTILIZED CORN 3 


The number of replications ranged from 10 to 20, depending 


upon the quantity of seed available, the number in each case being 
given in column 11 of Table 2. 
adjacent ones by check plats of open-fertilized No. 201, seed for 
_which was obtained from the Burdette Plantation, Burdette, Ark. 


Each unit was separated from the 


| TABLE 1.—Order of planting the crosses between the 3-1— and 5—1- families of No. 


201 corn (index Nos. 42-47) and accompanying check rows in field rows Nos. 
103 to 115 


[The rows were divided into 9 plats of 10 hills each. The number shown for each plat is the index number 
of the lot of seed grown in that plat. C indicates a check plat 


Rows divided into 9 sections of 10 hills Rows divided into 9 sections of 10 hills 
| Field row Field row 
| TSA eS Gali dul Siclieg POTS aA 5) ela | Si: 40 
| No. 103.....C | C;C|C|C};C}C/}C}C |) No. 110_...| 42 | 45 | 42 | 43 | 46 | 44 | 42 | 44 | 45 
| No. 104__._] 42 | 44 | 46 | 42 | 44 | 46 | 42 | 44) 46 || No. 111__..| 48 | 46 | 43 | 45 | 48 | 45 | 46 | 45 | 46 
| No. 105_..-| 48 | 45 | 47 | 43 | 45 | 47 | 43 | 45 | 47 || No. 112_...| 44 | 47 | 44 | 42 | 44 | 42 | 44 | 46) 44 
| No. 106....| 44 | 46 | 42 | 44 | 46 | 42 | 44 | 46 | 42 || No. 113_...| 45 | 44 | 45 | 46 | 45 | 43 | 45 | 43 | 42 
No. 107_...| 45 | 47 | 48 | 45 | 47 | 43 | 45 | 47 | 48 || No. 114_...| 46 | 43 | 46 | 44 | 42 | 46 | 43 | 47 
No. 108_...| 46 | 42 | 44 | 46 | 42 | 44 | 46 | 42] 44 || No.115.....C|C|C}|C/;C;}C;|C|}C|C 
~ No. 109____| 47 | 43 | 45 | 47 | 43 | 45 | 47 | 43) 45 


Heavy rains shortly after emergence packed the soil and caused 
severe erosion in places. Storms about tasseling time also damaged 
the plants. These conditions tended to decrease the stand and to 
It is believed, however, 
that the distribution of the replications was such that comparisons 
among the selfed lines or crosses in any unit are accurate within the 
limits of their probable errors. On the other hand, close comparisons 
can not be made safely between the crosses and their parents or 


_ between the selfed lines or crosses in different units. 


Sample lots of ears, consisting of the total product of one replicate 


_ of each line and cross, were saved at harvest, dried, and shelled. 
| The harvest weights were computed to terms of air-dry shelled corn 


on the basis of these data. The drying and shelling samples for the 


| 8-l— and 5-1- lines and for the cross 3-1— X 5-1- are shown in 
_ Plate I. 


EXPERIMENTAL DATA 


_ A summary of the experimental data for each selfed line and cross 
is given in Table 2. Most of the data are self-explanatory. The 


| oo between the lines are shown by the pedigree numbers in the 
| tables. 


In these, each number separated from the others by a dash 


(-) represents one generation of selection and self-fertilization. The 


letter S at the end of a pedigree represents the extra generation of 
_ self-fertilization in 1921 in obtaining seed for the comparisons. 
_ average height of plants (column 5) is the arithmetic mean of the 
| estimated heights in the different replications. 
| are based on actual determinations. 
_ plats in columns 15 and 16 give an idea of the relative productiveness 


The. 


All other records 
The data on adjacent check 


of the different parts of the field. Two rows of nine check plats each 
were grown between the units of the crosses, and only one row was 
erown between the units of the self-fertilized lines. Excess checks 
also were used to fill in when the number of plats needed for any 
comparison failed to equal the number of plats available in a unit. 
This accounts for the inequality in the numbers of check plats 
adjacent to the different units. 
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The data on the number of suckers, barren plants, and ears per 100 


plants and the weight of shelled grain per ear are of some interest in. 
showing the individuality of the different lines and crosses. 


The 


inability to make accurate comparisons between the different groups 
because of conditions already noted, however, robs these data of 


much of their value. 


It seems desirable, therefore, to consider only 


the yields and those primarily within groups or between comparable 


averages. 


YIELDS OF SELF-FERTILIZED LINES 


The yields of successive generations of self-fertilized lines are 
brought together in Table 3 to show the relation between (1) the 
lines of descent and yield and (2) the average yields in successive 
generations considered from different pomts of view. Because of 
differences in the productiveness of different parts of the field, strain 
comparisons should be made only when taking into account the 
yields of the adjacent checks. 


TABLE 3.—Yvields of successive generations of self-fertilized lines of corn 


Selfed 3 generations 


Selfed 4 generations 


Selfed 5 generations 


Selfed 6 generations 


Yield Yield Yield | Yield 

per per per | per 

Pedigree No. acre Pedigree No. acre Pedigree No. acre | Pedigree No. acre 
bush- (bush- (bush- (bush- 

els) els) els) els) 
2-2-2-4-S__-__-____- 14.5 | 2-2-244-§______ 13.9 
DeosGe niente Be 5.0 |42-2-2-S----------- 23.3 leet die ea 1.9| 299-235 7.6 
DEUS eS ee eS ap: SSNs 0 Mes ns ep Ea) Pep PM mire (eee DS ee Ee tens i ee 
SHAH EMa ab sma Ve a Pea (0) Me ee ae ee BABIN) ea Mie aieags Ob A 8.2?) oo ek ee Soe 10.8 
3-1-1-3-S________- 21.2 | 3-1-1-3-1-S______ 27.1 
8-1-8 __----------- 35.9 | 3-1-1-S_--___---- 12.1 ores a Toe 19:67| 31a eee ee 8.7 
Strainimesdm | 73519 xs ee 1 JU | ESO Je ee er 20; 4: [x2 ao ee Se 17.9 
§-1-2-5-S____.._.| 21.2 | 5-1-2-5-2-S_____- 12.3 
5-1-S..----------- 13.0 | 5-1-2-S_-_-----_-- 13.8 }}5 193-8... TP Ong) Salo gee eee 6.1 
Strainsmeanice de ol SkOu ease ae ee We Phe | ae eam Ste, a 15 in| ole ee a a 9.2 
9-2-S 20 Q 9-2-1-S Sreeeeeoses 41. 1 9-2-1-2-S Sse SSH ss 19. 6 9-2-1-2-1-S wees) ais us 
TARA Ee, “© 1\9-2-2-S____...____] *20.2 | 9-2-2-1-S_________| *25.1 | 9-2-3-2-3-S______] *23.8 
Straimemeansese| 2059 |e ee ea SONA | eee se ae ee QD A ss acti eee 25.8 
12-1-1-1-S________ 23.5 | 12-1-1-1-2-S_____ 24.0 
aes 15.5 ||12-1-1-8---------- AU Wena ieee 991.7) | = hee ea 
Sinan ee ae (212-6 eee 9.4 | 12-1-2-8-S________} 12.0 | 12-1-2-3-2-S_____ gO Rat 
Si neenb al raatee pola ir al Uae tay |i (ene ee ee eS es ee 1 hole) | ee ae AC eg LQ. fe: |e ee ee 17.6 
INVCTACE Age! pul saIe ec tage e aN: les OSS pls Ske oe es Bee aR ig! Ws Pras fee My PS 16.3 
PASVGEA CONS eal wil Oo Ti exane ya teen eae PANS fe} |p Bh Se Fg aes Os Sek ea 1682 Se 16. 6 
INVOTA GOO Yes Leb Anta tee oie te ee HOS 2g ete tee ne ae 20; 4.) ee ee ae 19.3 
INVETACO Ae a 749 es aes ee TUE We A) Sd ba DE Det SPREE 10.587) Exe Cee 8.4 


1 Average of strain means, including all lines. 

2 Average of strain means, excluding lines (marked *) not represented in all generations. 

3 Average yields of the better of each of four pairs of lines in the sixth generation that were represented 
by comparable pairs in the fifth generation and of their antecedent lines. 


4 Average yields of the poorer of each of four pairs of lines in the sixth generation that were represented. 


by comparable pairs in the fifth generation and of their antecedent lines, comparable to average C. 


A general tendency is evident for lines and strains to maintain the 
same relative positions in the different generations. ‘The outstanding 
exceptions to this tendency occur in the third and fourth generations, 


(eae ate 5 


THE EARS HARVESTED FROM 20 PLANTS OF THE 3-I-— STRAIN, OF THE 5-I- 
STRAIN, AND OF THE Cross, 3-I- X 5-I-, RESPECTIVELY 
The baskets of ears in columns A, B, C, and D were produced from seed that either had been 


> self-fertilized (3-1- and 5-1-) or crossed (3-1- & 5-1-) following two, three, four, and five gen- 
erations of self-fertilization 
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REPRESENTATIVE PLANTS OF OPEN-FERTILIZED No. 201 CORN (CHECK) 
AND OF THE SELF-FERTILIZED LINE AND CROSS OF THIS VARIETY INDI- 
CATED BY THE PEDIGREES 


spread in that gener- 0; 
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owing probably in part to greater variability and in part to the 
fewer lines in these earlier generations. The 12—1—strain is the only 
one having parallel lines in three successive generations. ‘The 12—1-1— 
lines were more productive than those of 12—1—2— in each generation. 
Four comparisons between parallel pairs of lines are possible in the 
fifth and sixth generations, in each of which the more productive line 
of the oe in the sixth generation also was the more productive in 
the fifth. 
productive lines of these pairs, together with the average yields of their 
antecedent lines in the third and fourth generations, are shown as 
averages © and D in Table 3 and are shown graphically in Figure 1. 
The difference in the fourth generation is due entirely to the effect 
of the difference between 12—1—1-S and 12-1-2-S, so that little impor- 
tance attaches to the 


ation. For compari- 
son with these data 


The average yields of the more productive and of the less — 


the theoretical curve 


) for decreased yield in 
| six successive gener- 


ations of inbreeding 


' without selection also 


_ is shown in Figure 1. 


This curve is plotted 
to decrease from 50 


bushels per acre, an 
| approximation of the 
_ yield of the open-fertil- 


experiment, to 


_ sistent decrease from the third to the sixth generation. 


ized noninbred check 
seed in the present 
17.4 
bushels per acre in 
the third self-fertilized 
generation, the aver- 
age yleld of the four 
selfed lines in that 
generation. This as- 
sumes that the aver- 
age yield of these four 


_ lines in the third gener- 
_ ation had not been affected by selection, which may or may not be 
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Fic. 1.—Diagram showing the average yields of four better yielding 
self-fertilized lines of corn (average C of Table 3) and of four poorer 
yielding lines (average D of Table 3) after three to six generations 
of self-fertilization and the theoretical decreasein yield in unselected 
self-fertilized lines of corn 


true, but will serve for purposes of approximation. 
It is evident that two lines have been isolated in each of the four 


strains after three or four generations of self-fertilization, one of 
which is more and the other less productive. Moreover, the average 
of the four less productive lines decreased about 20 per cent between 
the fifth and sixth generations, whereas that of the four more produc- 
tive lines remained essentially constant. 

The averages of the strain means in the different generations are 
shown as average A of Table 3. There is a slight, reasonably con- 
The difference 
between the yields in these generations is 1.8 bushels per acre. The 
decrease in the theoretical curve of inbreeding (shown in fig. 1) be- 
tween the third and sixth generations is from 17.4 to 13.3 bushels, or 
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4.1 bushels. In so far as the lines compared represent the breeding 
stocks as a whole, therefore, these averages indicate that selection 
has been effective in maintaining productiveness somewhat above 
what would be expected under self-fertilization without selection. 
Average B of Table 3 differs from average A in that only those 
lines represented directly in all generations are included. In some 
ways this would seem the fairer method of comparison, but the small 
numbers available may make the general average the more reliable 
approximation. In any event the difference is unimportant. 


YIELDS OF CROSSES BETWEEN LINES 


The yields of the crosses between lines after successive generations 
of self-fertilization are brought together in Table 4. The evidence 
here is not so clear as to individuality as it is for the behavior of the 
self-fertilized lines themselves. The averages shown as A and B are 
based upon all the crosses in a generation and upon those crosses in 
each generation that are represented by analogous crosses in all of 
the generations, respectively. No particular advantage is evident 
from inbreeding more than three generations before crossing in so far 


as average yield is concerned. 


TasLE 4.—Yields of crosses between lines of corn that had been self-fertilized for 
different numbers of generations 


Selfed 2 generations Selfed 3 generations Selfed 4 generations Selfed 5 generations 
Yield Yield Yield Yield 
per per : per per 
Pedigree No. acre | Pedigree No. | acre Pedigree No. acre Pedigree No. acre 
(bush- (bush- (bush- (bush- 
els) els) els) els) 
2-2-2-4X7-1-1-1..| 38.0 | 2-2-2-4-47-1-1-1-3_. 40.9 
Po ear Vi Sie a 34,3 |J2-2-2X7-I-1_-| 42.6 |\9 5 5 4y7-1-1-2 | 37.1 | 2-2-2-4-4X7-1-1-2-3__| 33.9 
Q=2=1 CFI 1 SA ONO Se rd Se sa eee eee Onna 2 ae | ae La 
Mean lo e25_ = ri 55 Dy | bee a Secteur ANS) eee see ate B7N6) ee ees oo ales ee eee 37.4 
| 
x 3-1-1-3 X 5-1-2-5__| 46.9 | 3-1-1-3-1 x 5-1-2-5-2__ 40.1 
8-1X5-1_-------- Ati) | Oe Merten ESE) ee onal 37, 4,| 3-11-4-3X 5-1-9 3le le 916 
Wieanecwee ns PAG ey | Wiespae nse teens a a a oF seal [ese cae ees Re ns Tare ci sae Sareea ly SN ede eS 35.9 
9-2-1X12-1-2_| 36.8 | 9-2-1-212-1-2-3_| 43.8 | 9-2-1-2-112-1-2-3-2_ 41.4 
9H ONC ee 430 Sus 9=2=2K 12-11) 0F882 1) 9-2-2112 11-28) #28) 6) |e ee eee ee ee 
BEE SS inked Ce ae eR SRP eS othe WA ee 9—2-3-2-3 X 12-1-2-3-2_| *22.0 
CC Pea ne tee es Se OTe DA [dee ate eee CUR a 3622) | ESASS ho Se eae 31,7 
Mieanee 2a. 228 <= 
12-1-1-1 X2-2-2-4_! 36.0 | 12-1-1-1-22-2-2-4—-4_ 48.5 
12-1-1 X2-2-2_} 33.1 |412-1-1-1 X2-2-2-2_ oe 9 | 12-1—-1—1-2 X 2-2-2-2-3. 37.9 
MS ED a a ae NS Tara Y apa Yo) | te ee nn SU ke ene LOO MS Ode hk 
BPS De ee BREW dhe bt en 05 bs Be As A eee PRIA BTS ee Pa Chee ee 
12-1-2-3-2X2-2-2-4-4_| #40. 4 
SR Te ea As A GRRL SRA eT 12-1-2-3-2 X 2-2-2-2-3_| *36.2 
Meanie ase 2 eet al eee a ie eae ez rae CD Ja et a se aL | SSE EN Cee 40.8 
AveragevAd a) 34046 )o 0222 oust eo 390) eee Se ode be ee es SSK S17) AOR PERS, Na So Sea 36. 5 
PANVOL AS Oe UL O44 | 2- ae aowe eee ee PSX) age me I AQ 2» | Raed he 2s Seo ea 39.5 
INS SEND ONE NG IGE oh Re ES i SOE Ti EE ee CE BR RR 40) St sees ete ek ea eee 43.2 
ACVErAPe Deal Oban enw ces oe Bes ONT oe ae eS ee BAAR IM te es Dee i gS a 34. 5 


1A verage of means, including all crosses. 
2A verage of means, excluding crosses (marked *) not represented by analogous crosses in all generations. 
3A verage yileds of the better of each of 3 pairs of crosses made following 5 generations of self-fertilization 
that were represented by analogous crosses made after 4 generations of self-fertilization and of the corre- 
sponding antecedent crosses. 
4A verage yields of the poorer of each of 3 pairs of crosses made following 5 generations of self-fertilization 
that were represented by analogous crosses made after 4 generations of Self-fertilization and of the corre- 
sponding antecedent crosses, comparable to average C. 


ie 
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The average yields of the better of each of three pairs of crosses 
made following five generations of self-fertilization represented by 
analogous crosses made following four generations of self-fertilization 
are shown as average C. The corresponding averages for the poorer 
crosses of the pairs are shown as average D. The ditierence following 
four generations of self-fertilization is small. This difference also is 
even less significant than its size might indicate, as it results chiefly 
from one large difference. It is evident that four generations of 
inbreeding were not enough to establish uniformity of behavior in 
combination sufficient to permit picking the better lines for crossing 
in this particular material. Whether this lack of individuality of the 
lines in crosses is an accident due to the choice of the lines for the 
experiment is not known. None of these crosses were particularly 

roductive, -and certainly there is more individuality shown in the 
Gaene of other crosses, to be considered later. 


TABLE 5.—Yield of self-fertilized lines of corn and of crosses between them } 


Pistillate parent Cross Staminate parent 
| 
Yield Yield Yield 
Pedigree No. ‘per acre | per acre | per acre Pedigree No. 
(bushels) | (bushels) | (bushels) 
eS a ed a vs 24.0 48.5 13.9 | 2-2-2-4-4-S, 
SST a nck ee a i eh Ae A Pe) 46.9 21.2 | 5-1-2-5-S. 
a ee ea ae SB Laci pa AES La 19. 6 43.8 12.0 | 12-1-2-3-S. 
SBT Fea tS oN aa dT Hh We a oe 12.1 43.3 13.8 | 5-1-2-8. 
PTT SY Ss ies Ti er tna aay seat. ene 23.3 AT Gi esate ache i 7-1-1-S. 
OEE 9 EAS Fest 2 ni eI MUN aa 27.7 41.4 11.1 | 12-1-2-3-2-S 
De AA Sa ate eat 2 13.9 AQHO Vs ai date ta eis Nik 7-1-1-1-3-S. 
TPIS 3—2— SiN tha LES PEEVE ee a Ik a 40. 4 13.9 | 2-2-2-4-4-§S, 
ST a LS aggre EN ge Rec Dif 40. 1 12.3 | 5-1-2-5-2-S. 
eA ee MN EC eR NR SEAL SR 8 LL 24. 5 AOU OY Ce Mseeaney ate 7-1-1-S. 
OSS ae a Peer nme AND Se payaae eC en ey 20. 2 38. 1 27.5 | 12-1-1-S 
PREG ALAS wail phe lifer” 2 eeanyps ie Mi iipinal ayaa 1 14.5 Bice Oy ileeasne ee 7-1-1-1-S. 
V1 a ENS) Sis ere Wa CE ae ee nero 23. 5 37.9 1.9 | 2-2-2-2-S. 
dete =O Cuil Drei ume ha hoi 24. 0 37.9 7.6 | 2-2-2-2-3-S. 
A Se Se a Nurses bar RUS LM AB Eek PGT 37.5 14.5 | 2-2-2-4-§. 
alah A rsa as ie NG ee ws Ue 19.6 37.4 9.7 |-5-1-2-3-S. 
P= GAAG poate bk}: sang Seaver tee Maan RPS 14.5 Paros Wah yeast ec 7-1-1-2-S. 
Op) AN a Vig Oe et ee Ata 36. 8 9.4 | 12-1-2-S 
BN a nh Or ae ere tim BE Se ee ey hora at Halo ul - 36. 2 7.6 | 2-2-2-2-3-S 
IDEN ETS eR a ions Jabal ONG 23.5 36. 0 14.5 | 2-2-2-4-S 
la Sree cb Naira Se eee 27.5 34.8 24.5 | 2-2-1-S 
DRE al SYS 2 pit EG ALS ae Th WN By et 13.9 BORO eo eubc sia 7-1-1-2-3-S 
TAAL STLSISI Ss NG WT aS GN al) AL Mean ML tt Pet BS 23.3 | 2-2-2-S. 
ST RS I a VP at Le laste A Phelan 8.7 31.6 6.1 | 5-1-2-3-1-S 
(Oo al EL SHE naga eea a aa ie Be Ae Sy gee Darel 28. 6 21.7 | 12-1-1-2-S 
a DRO ORR Roce thie ae a Lie ad cyst Se 23.8 22.0 11.1 | 12-1-2-3-2-S 


1 The coefficient of correlation between the yield of a cross and that of its pistillate parentis —0.07 +0.12. 


RELATION BETWEEN PRODUCTIVENESS OF PARENT LINES AND CROSSES 


There is no outstanding difference between the average yields of 
the crosses made after three, four, and five generations of self-fertili- 
zation. Neither is there any pronounced difference between the 
average yields of the self-fertilized lines in the fourth, fifth, and sixth 
generations. The relation of the productiveness of the crosses to that 
of the parent lines in these three generations may therefore be con- 
sidered as a unit. The yields of the crosses are shown in Table 5, 
arranged in the order of their productiveness. The yields of the 
parent lines also are shown, in so far as they are available. No par- 
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ticular relation is evident between the yields of the crosses and that 7 
of their parents; in fact, the coefficient of correlation between the 
yields of the crosses and those of the pistillate parent lines is —0.07 
se UIA 


DETERMINING THE VALUE OF INDIVIDUAL LINES FOR CROSSING 


The primary object of the breeding experiments with No. 201 was 
to determine whether larger yields of corn could be obtained by the 
methods used. In a previous publication (6) it was stated that 
“the method of crossing [varieties] followed by niass selection has 
established a variety of economic value for the locality.””. That this 
variety continues to be of economic importance is shown by the fact 
that No. 201 has been accepted for certification under the name Delta 
Prolific by the Arkansas Seed Growers’ Association, four growers. 
offering a total of 950 bushels of certified seed of this variety for ~ 
penile in 1925 (1). The data presented here show comparisons 

etween the productiveness of check plants grown from open- 
fertilized seed of No. 201 (Delta Prolific) obtained from the Burdette 
Plantation and crosses between individual lines of this variety that 
had been self-fertilized for six generations. Any significant increases ~ 
over the yield of the check, therefore, must be considered as evidence 
that the productiveness of a commercially profitable variety can be 
increased by the methods used. Whether such increases are worth 
while practically will depend upon a number of factors that are dis- — 
cussed in connection with the data. 


OBTAINING THE CROSSED SEED 


In the experiments reported previously (6) comparisons were 
made between strain crosses. Hach of the parent strains was repre- 
sented by a composite of a number of lines, some of which were very 
diverse in character. Strains Nos. 2-2-, 5-1-, 7-4-, and 10—-3— had 
the highest average value as parents and gave the best average 
results when crossed among themselves. The present experiments 
were planned to measure the value for crossing of the individual 
lines in these strains. 

The selection of the individual lines for crossing was made among 
the rows of the breeding plat at Knoxville, Tenn., in 1922. An effort 
was made to include as much diversity as possible, considering both 
the pedigree records and the appearance of the plants. Thus, two 
lines of a strain that showed striking differences in plant character- 
istics might be included without regard to when they had segregated 
for these differences. Similarly, different lines of a strain might be 
included because they had become separated after only two genera- 
tions of inbreeding, whether they looked alike or not. Representative 
plants of a number of these inbred lines are shown in Plates II to 
VI. Representative plants of crosses between the lines and of open- 
fertilized noninbred No. 201 also are shown for comparison. AI of 
the plants illustrated were grown at the Arlington Experiment Farm 
and were unselected, not more than 10 plants of any line or cross 
having been available. 

In all, 18 lines in the four strains were selected, and as many crosses 
between the individual lines of the different strains were made as 
conditions permitted. One additional line, 10—3-1-2-1-5, was used 
to supplement the sib line, 10-3—1-2-1-4. Besides this, tassels from 
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REPRESENTATIVE PLANTS OF THE SELF-FERTILIZED LINES OF No. 201 
CORN AND THE CROSS INDICATED BY THE PEDIGREES—-B 
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plants of a 7-4-1- line were mailed to Knoxville from Washington, 
D. C., and one additional cross with 10-3-— was obtained in this way. 
Failure of lines to blossom at the same time and damage by storm, 
insects, and diseases prevented obtaining as many crosses as desired. 
Enough combinations were obtained, however, to determine the rela- 
tive value of the different lines in so far as major differences are 


concerned. 
METHOD OF COMPARISON 


‘The crosses were grown at Knoxville in 1923. One crossed ear 
represented each combination between individual lines, and the pro- 
ductiveness of this cross was compared directly with that of the 
variety by the hill-checking method (5). One seed of the cross and 
two seeds of the check were planted in each hill, the two kinds being 
about 6 to 8 inches apart and the check seed always being toward the 
southeast end of the row. A row was 120 hills long, and as many 
hills in the row were planted in the way described as there were seeds 
on the crossed ear, the rest of the row being planted with check seed. 
The plat was thinned to a stand of one crossed plant and one check 
plant in each hill, facts permitting, when the plants were 8 to 10 
inches high. ‘The rows were gone over just before harvest, and all 
hills not containing one crossed plant and one check plant were 
eliminated. The remaining perfect hills then were harvested in 10-hill 
sections, the product of the plants from crossed seed and check seed 
in each section being harvested and weighed separately. The relative 
productiveness of the different crosses is compared through average 
superiority or inferiority to the check. 

The ears from the last 18 to 20 plants of the cross in each row were 
stored until dry. They were then reweighed and shelled, and the 
percentages of air-dry shelled grain were determined. The shrink- 
age and shelling percentages of the check were determined from six 
similarsamples. ‘The field weights were computed to terms of air-dry 
shelled grain on the basis of these data. ‘The drying and shelling 
samples of some of the crosses, together with the product of a cor- 
responding number of check plants, are shown in Plates VII and VIII. 
These illustrate the excellent quality of the ears produced by some 


of the crosses. 
EXPERIMENTAL DATA 


A summary of the data is given in Table 6, the crosses being ar- 
ranged in the descending order of their relative productiveness. 
Column 1 shows the field-row number and is of interest in indicating 
any possible effect that location in the plat may have had on relative 
productiveness. There is some tendency for data from rows that 
occurred near each other in the field to occur near each other in the 
table, but examination of the pedigrees in column 2 shows that this 
probably is due largely to similar combinations having been grouped 
in the field to some extent. 7 

The total number of perfect hills given in column 3 indicates also 
the number of replications used in determining the probable errors. 
The yield of any one to four plants beyond the last multiple of 10 
was added to the yield of the last 10-plant replicate and the sum 
divided by the number of plants involved and multiplied by 10 to 
bring the yield to a 10-plant basis. If there were five or more such 
_ odd plants their yield was divided by the number, and the quotient, 
 toultiplied by 10, was treated as another replicate. 
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TABLE 6.—Relative productiveness of crosses between self-fertilized lines of corn as 
differences in yteld per 10 plants over or under the yield of the corresponding 
check plants in the number of perfect hills stated 


Yield (pounds) 
Number , 
Field row Pedigree No. As per Diflerence 2 
ect hills pag etween 
Check | check and 
cross 1 
1 | 2 3 4 5 
| | 
INOMG4 dist eee ee | 10-3-1-1-2-2 & 2-2-2-4-4-1______________________- 6 SEA) | Gee ES 
INOM6 22 eee ed 10-8-1-2-2-3 X 7-4-2-1-1-2___________-_-___- see 71 4.25 | 2. 310. 24 
INO no ORs Sherer sat fed Q—3 121 5X4 6G 2 eee ee oe eee 67 4.78 } 1.774 .24 
INO sl Gee corr eee 2-2-2-4—-2-1 & 10-3-1—-1-2-2_______________--____-_- 50 Oeniida| 1. 65+ .30 
IN(O D2 Ls et te | 10-8-1-1-2-2 & 5-1-2-2-1-3_____________________.- 90 6. 34 | 1. 26+ .21 
INGO GOR ea | 10-38-1-1-1—4: K. 74-16-62 ee eet 85 | BO | 1, 23-- 221, 
INO ZERO IES 1 7—4=1=6-6-2 °K 10-3311 2-9 Se ee 60 5. 78 | 1. 20+ .27 
INO ny4 OR 2a Se S102 8=1=2-2=85< 2-2 IS BEDI ak al es ee 62 4. 54 | .94-++ .27 
TIN Ope PAS ee ER lee | 10-3=1=1-9=3' <5 =1=2- 3-9-2) ee 87 5. 18 | . 88+ . 21 
INON46 OS ee | 7-4-1-6-6-2 X 2-2-2-4-4-1_-_ eee 75 5. 04 | . 864 . 23 
INO sy 14a Ss ee os 10-3=152-2-3 X. 25252"4—4— ie ee a ee 93 6. 08 | . 838+ .21 
INOMSO RE eae. bes E o-1=2-2-153: K-25 2-2-4 ee a eee : 93 5. 86 | - 72+ .21 
EIN OMB ok ae 10-3-1-1-I-4 X 5-1-3-3-1-2__2__2. 22 ee 89 5. 66 | . 55+ . 21 
NOM G3 Sse oie oe SAT | TOS Seay SC Geil Sis 76 4,.46 | .d4+ . 23 
ING GRRE te apa Se ee | ISS SS Rb < Ga 5 en eee 90 BR | -ol+t .21 
IN(OneI Seis hea ces | 10-38-1-2-1-4 K 2-2-2-4-2-1______ 86 6. 20 | -dl+ .21 
INOS 320-22 bebe 7-45 1-6-6242) X 10=3=2S1-3 Seek eae eee 84 5. 84 | 444+ . 23 
NOU 2p ure seo Tae TES SG ORRY SOE GG 83 5.14 | .438-+ . 23 
INO GO eee ee ae dee! WTP eS SK (4-1 Arline bom eee eee 37 4.53 | .d7 .35 
INjOM 29: ssbeerirrt ee rak ST PES EOIN DOOR ERO) Fa 91 5250 . 32+ .21 
INO Gone Bees 1 OE38=1= 2-1-5 Se bBo 2 eee ee ae wee 70 4,24 .olt .24 
INOS Gees i Fla ae 5-1-2-3-2-2 *K 2-2-2-4-2-1____________._____- ee 98 5. 98 | . 27+ .20 
INOS fU oe Ie cee 7-4-1-6-6-2 & 5-1-2-2-1-3__.__-____- eee 35 6. 71 «21+ .35 
INGO S24 Siete Bebe SARE 10—-3-1-2-1-4 & 7-4-2-6-2-2________________-__--_- 93 5. 32 . 20+ .21 
INO ORES, Se 7—-4-1-6-6-2 & 2-2-1-3-2-1_..___.- eel 80 5. 90 17+ . 23 
INO AOS os eee ee eee 2-2-2-4-6-2 & 10-3-1—1-2-2__.-___-__- ee 44 4, 40 ~17+ .35 
INO eae, Bk | 2-2-1-3-2-1 XK 5-1-2-2-1-3__.____ i eee ee 78 6. 66 1QS= 223. 
INO Ree ete ae 2-2-2-4-2-1 X 5-1-3-1-1-2________-_- eee 70 5. 68 -O38+ .24 
IN/@5 Ge eee eres eae 10-38-2-1-2-1 & 2-2-2-4-6-2__.______ 75 3. 71 .O1+ . 23 
ING 44S eS eee 5-1—2-3-2-2 & 7-4-2-I-I-2__. eee 76 4.56 | — .08+ .23 
INOS 43 e po ies ara 2-2-2-4-4-1 X& 10-3-1-1-1-4.____- le 50 4. 82 — .124+ .30 
INO 50) ete ee | 10-38-1-1-1-4 &K 2-2-2-4-6-2___. 2 e 78 4.12} — .124+ .23 
INOW 225 i Ee a =A=2= 6-22 ee SPO IO ee Se ee 88 5. OL — .144 .21 
INO en BS 7 2-2-2-4-4-1 & 10-3-2-1-2-1_______-__--_ eee 4 4.17 — .17+___- 
INOS GSE: 25 )3fen ie 5-1-2-2-1-3 & 10—8-1-1-1-4___.____. 2 -_. 47 4.91 — .32+ .30 
SINFO 2G ee ea 2-2-1-3-2-1 & 7-4-2-1-1-2_2._2- eee 60 5. 36 — .354 .27 
INO} GIES ek ees 10—-3-2-1-3-3 X 5-1-2-3-2-2__._....._..-_....-----_ 59 3. 98 — .444 .27 
INIOL 2p ae ee ee 2-2-2-4-4-1 & 7-4-2-1-1-2___ 84 5. 41 — .45+ .23 
INTO 2320 Ea 2 eee 5-1-3-3-1-2 K 7-4-1-6-6-2_......... 2-2 -- - ee 82 6. 72 — ,49+ .23 
IN OP bebe. Se ee an 10-3-1—1-2-2 & 2-2-1-3-2-1__._____-2__- eee 27 4.17 — .49+ .42 
TNO 2 Sa Te 7-4-2-6-2-2 X& 10-3-1-1-2-2__._-_____.. 2.2 ----- 50 4. 37 — .514+ .30 
IN O84 (eee ee 7—-4-1-7-4-1 X 5-1-3-3-1-2__.._._._._.__--.------- Ge. 5. 18 — .538+ .23 
INO Moca s tee ee 5-1-3-1-1-2 & 10—-3-1—2-2-3__._.___....-.-.-.----- 81 5. 68 |e Ses 54+ . 23 
INOS SRL Sa ee 7-4-1-6-6-2 & 10~-3-1-2-2-3_.._..__....-.----_---- 49 4.88 ; — .54+ .30 
INOnt Dee ee 2-2-1-3-2-1 & 7-4-1-7-4-1__---2____-.------------ 35 6. 29 — .5d+ .35 
INOS OPS Ree | 5-1-3-1-1-2 & 10-8-2-1-3-8__........-..-.--.----- 93 5.74 | — .638+ .21 
INO, CORE ae SE 10-3-2-1-2-1 X& 5-1-3-3-1-2__.-_______.--___------- 45 5. 49 — .64+ .30 
INOM QE Sees ldo DO ot EO i Oe Ane a ee 86 | 56.81}; — .664 .21 
INONA DE Same ee e | 5-1-3-3-1-2 & 10-3-1-1-2-2_____.....--.-----=---- 70 4.87 | — 2.6622 .24 
INO (4ee owe eek ee j10-8-1-2-1-4 & 2-2-2-4-6-3______.._.------------- 50 6.12; — .69+ .30 
INO Ao (ete SOE cr Rok 10-3-1-1-1-4 X 7-4-2-6-2-2__._____..-.-_---.----- 90 4.93 | — .838- .21 
IN QYEG 2 eee See a 7-4-1-7-4-1 X 5-1-3-1-1-2____-_______---_-_-_----- 70 4.75; — .90+ .24 
INTE eae eae 5143-351 50/749 6-0 eee AS a 82 5.31! 1.024 .23 
INORDO: ee. uso Se 7—4-1-7-4-1 X 2-2-2-4-6-2__.._....-.------------- 92 4.81 —1.05+ .21 
INO MOL Oe ee 5-1-8-1-1-2 K 2-2-2-4-4-1___.___.-_.------------ 84 5.45 | —1.094 . 23 
TSP aA om 5-1-3-3-1-2 & 10-3-1-2-2-3__._.......-_---------- 14 4,98 | —1. 18+ .60 
INIOE, Ghee ee ee ere ee 10=8=2=1-2-1Xc5=1=3 =) 12? ae See ee 55 4.98 | —1.174 .27 
INA er ee ae 7—4—2-1-1-2 & 5-1-3-1-1-2___________..-.--------- 25 5.60 | 2—1, 18+ ___- 
INO AGED Se ae 5—-1-3-1-1-2 * 7-4-1-6-6-2_______..___...---.----- 16 4.93 | —Il21==) . 60 
INO) Maa See 5-1-2-2-1-3 XK 74-174 se ces ee eek 105 6.19 —1.30+ .19 
IN (Os SE ee a 5=1-2=3=2-2) Ke =42E 1S a4 a ee ee eae es See 92 Os 04 eels Oates 
INIG Cee eee es ae §=1=3-3=1=2) & 105 3=2- 13-8 oe ee - 43 5.81 | —1. 38+ .35 
ING sie ere ce 2-2-1-3-2-1: K TO=3S1S le 1 ee ee et ee 15 5.76 | —1.45+ .60 
INGO be ERE Pray OX PVRS Salle nn Se = 89 5.86 | —1.494..21 
IN ORDR race epee 2-2-2-4-6-2 X& 10-3-2-1-3-3__............--------- 81 5. 87 —1.50-+ .23 
INGA eee ee eee 2-2-2-4-6-2 & 5-1-3-3-1-2.............----------- 79 5.79 | —1. 634 .23 


1 Positive values are excess yields of the cross over the check; negative values are excess yields of the 
check over the cross. 

2 The drying samples for these crosses were lost. The differences between the harvest weights, multi- 
plied by 0.8, are shown for approximation. 

3 Pollen from plants of 7-4-1-? grown at Arlington Experiment Farm. 
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(aBLe 6.—Relative productiveness of crosses between self-fertilized lines of corn as 
differences in yield per 10 plants over or under the yreld of the corresponding 
check plants in the number of perfect hills stated—Continued 


Yield (pounds) 


Number : 
Field row Pedigree No. of per- igenenve 
fect hills | Check atacand 
Cross 
1 2 3 4 5 
INO ty (Aleks aes 2-2-2-4-6-2 & 7-4-2-6-2-2__..--- eee 48 6. 06 —1. 63-40. 30 
INO YS Dae aee hee ale 2-2-1-3-2-1 & 5-1-2-3-2-2______-_--_ 2 ee 81 6. 08 —1.64-- . 23 
INFO G GEE es sae a 2-2-2-4-2-1 & 7-4-2-6-2-2_....---_- eee 9 4, 21 —1. 66+4_--- 
INO 4 ee Cea ay: 22 A= KO De eee ue eS ee 103 5. 97 —1. 67+ .20 
IN OPAL FEI ok ANG A 2-2-2-4—4—1 & 5—-1-2-3-2-2___ ee 44 5. 91 —1. 75+ .35 
NiO 32 225 2B tala Was 2-2-2-4—-4-1 & 5-1-2-2-1-3_----_ ee 19 6. 94 —2, 38+ .60 
INO} 6402 eee dA —(A- TV 10 32 ie a ea es 20 6. 67 —2. 38+ .60 
INO. PSR 5-1-3-3-1-2 & 2-2-1-3-2-1__--_. 2-2 ee 54 6. 76 —2. 95+ .30 
INO 514 I 10-3-2-1-3-3 & 5-1-2-2-1-3__._._-_.----_------ ee 18 5. 99 —5. 52+ .60 
INTO Myer 10-3-2-1-3-3 & 2-2-2-4-4-1_______-__- ee 70 Us oR —5. 674 .24 
INOS 9S eee ACP 10-3-2-1-2-1 K 2-2-2-4-2-1_.____.__-_--- eee 30 6. 82 —6. 46-E . 42 


The average yields of the checks are shown in column 4. The 
average difference between the yield of each cross and its correspond- 
ing check, together with the probable error of the difference, is shown 
in column 5. Yields of crosses lower than the check are indicated by 
a minus sign (—). ‘The data are in pounds of air-dry shelled corn 
per 10 plants. A perfect stand would have been about 7,000 plants 
per acre. The values shown multiplied by 12.5 give an approximate 
acre difference in bushels with the same plant yields under perfect 
stand conditions. 

The data on the crosses grown in field rows Nos. 15, 54, and 58 
are included only for completeness. Their behavior was so much 
like that of the self-fertilized lines of their pistillate parents that 
experimental error is suggested as a possible explanation. In any 
event the behavior of these crosses clearly is outside the range of 
normal behavior of the crosses as a whole. Except as shown in 
Tables 6 and 7, therefore, these crosses will not be considered as 
having been in the experiment. 

The probable errors shown for the mean of n comparisons were 
obtained by dividing the generalized probable error of +0.60 pound 


for a difference in any single comparison in the experiment by //n-1. 
The generalized probable error was determined from the data on 
the 62 crosses for which there were four or more replications. The 
difference between the yield of a cross and its check in each repli- 
cation and the mean of these differences were determined. ‘The 
deviations of the differences in the individual replicates from their 
respective means then were obtained. The 470 deviations so ob- 
tained were used to compute the probable error of any single differ- 
ence. This is similar to the method described by Hayes (2), differing 
chiefly in that the actual deviations were used rather than the per- 
centage deviations.’ 


’ The distribution of the 470 deviations within classes limited by multiples of the probable error, 
together with the expected theoretical distribution, is— 


Multiples of probable error 


Number of deviations 
+E +2E +3EK +4K +5E 


Gibscnved eres uitasMuNA Naik awe wn 236. 0 383.0] 449.0 465.0 470. 0 
A Mechod ee ee ede a a 235. 0 386. 7 449. 8 466. 7 469.7 
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That competition may have an important effect in comparisons 
under the hill-checking method has fash shown (4). This effect 
unquestionably is a disturbing factor in experiments in which an 
attempt is being made to establish absolute differences in productive- 
ness. In experiments like the present, however, competition may be 
helpful in accentuating small differences. It was partly with this 
in mind that the hill-checking method was used.. Under the condi- 
tions of the experiment there was little apparent effect except toward 

the lower limits of productiveness of the crosses. Omitting the data 
on the four comparisons for which no probable errors are shown and 
the three in which the yields of the crosses were so low as to be 
clearly beyond the normal range of the crosses as a whole, 70 com- 
parisons remain. The average yield of the checks in these compari- 
sons is 5.39 pounds, and the correlation between the yield of a check 
and the excess yield of a cross is —0.34 + 0.07. If the 14 comparisons 
in which the crosses yielded from 1.30 to 2.95 pounds less than the 
checks also are omitted, the correlation between the yield of a check 
and the excess yield of a cross disappears, being only 0.001 + 0.09. 

The chief interest of this study les in the value of the individual 
lines and strains for making productive combinations. This is 
shown more clearly in Table 7, in which the yields of the crosses above 
or below the checks are arranged to show the strain tendencies. The 
individuality of certain lines in combination is very evident. Thus, 
crosses of three of the lines of 5-1— with 2—2—-2—4—2-1 are slightly 
superior to the check, whereas the same lines crossed with 2—2—-2-4—4-1 
give decidedly inferior yields. Similarly, 7 of the 10 crosses involving 
7—4—1-6—6-2 yielded more than the check, whereas all of the 7 crosses 
involving 7—-4—1—7—-4—1 yielded less than the check. The lines of the 
10—3-1— strain are the outstanding ones of the experiment. The 
crosses involving these lines have a higher mode and higher mean 
productiveness than any other group. The 10—3-1- lines also have a 
wider range of compatibility, producing one or more high-yielding 
crosses when combined with each line of the other strains. 


TABLE 7.—Average yield of crosses between self-fertilized lines of corn above or 
below the yield of the corresponding check, arranged to show the tendencies within 
lines and strains 


[Data in pounds, showing the difference in yields from 10 hills] 


baie] elie fale] ae lele ete 
Parent lines ol ate [cudlicd Sith abate ce decal hae ea meee 
4 N “N N Li in earn i) Ge) - me LIN 

aA} A | A TAS] A] A] Se ae Oa Mn 9 BSS mS: 

af a | a Tak | oh |] b er Co ba oe 
| | es | —— 

| | 

5-1-2-2-1-3_____---------- +0. 10|+0.72) —2. 38 _-_--- ees Mepen 2) eee neat Seer lL Se ftps bree 
5-1-2-3-2-2_ \—1. 64) +.27| —1.75 +0. 32|_--___|_----- PP Rae ap Fae Ree a [zcenee 
5-1-3-1-1-2______- | —1.49) +.03) —1.09 —1.67)--_---|------ jib oS ea eee oe eer Sa Eaatee 
5-1-3-3-1-2__-- 2... =O O56. 2 | eee IN GR): een US ee —— ht eee 
7-4-1-6-6-2__. eee | eae +.86 ....-- FOV 2T Se | —1. 21|—0. 49)... --_|..-..! eee Lee 
7-4-1-7-4-1___ 2 | —.55}2_- 8 | eee —1.05,—1.30/—-1.36, —.90 —.53__-.__|__L- ples Fa Ene 
7-4-2-1-1-2___ 2 | —. 35]... 2. eeay. || Seat ee | —. 08} 1—1.18}___.--|------ | on anse| etd fsaecee 
7-4-2-6-2-2. Es —1.66| —.66—1.63) —.14)_____- Peace —t, O02}: «No oee | Se a 
JES ee [2945] ee = 149|\— Fa] ase AP aT appease mek es 
10-3-1-1-2-2____________- | —.49/+1.651+2.40 +.17-+1.26) +.88)___-_.- —. 66/11. 20)__-__- [ee —.51 
10-3-1-2-1-+4, or 5-_____ pees es) | ee zat) Peres (ea | +.54) +.31)+1. 77j--__2- [sees +. 20 
10-3-1-2-2-3 +.94)_ +, 83!______| +. 43]_----- —.54—-1.13 —.54_____- H-2. 31)_=- 25 
10-3-2-1-2-1_____-.------- ees —6.46| —.17| +. 01|_---__|_----- —1.17 —.64)_____- —2% Bale sees 
10-3-2-1-3-3_______-_._._- Neier oi A —5. 67, —1.50/—5. 52) —.44, —. 63, -1.38 +. 44? +.37)____-- M+ 


{ 


1 Estimated dry weight. 2 10-3-2-1-3-3 X 7-4-1-Arlington. 
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7-4-I-6-6-2 X 10-3-I-I-2-2. 


THE EARS PRODUCED BY 20 PLANTS FROM EACH OF THE CROSSES BETWEEN 
SELF-FERTILIZED LINES INDICATED BY THE PEDIGREES AND FROM THE 
CORRESPONDING 20 CHECK PLANTS OF OPEN-FERTILIZED No. 201 
CoRN—A 
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PLATE VIII 


108) 
= 
ei 
Ww 
1S] 
a 
(cz 
Y 
O 
fay) 
no) 
cr 
(e) 
ah 
> 
0Q 
a, 
io) 
[= 
+ 
f= 
at 
(4) 


THE.EARS PRODUCED BY 20 PLANTS FROM EACH OF THE CROSSES BETWEEN 
SELF-FERTILIZED LINES INDICATED BY THE PEDIGREES AND FROM THE 
CORRESPONDING 20 CHECK PLANTS OF OPEN-FERTILIZED No. 201 
CORN—B 
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It should be possible to eliminate from further experiments many 
of the lines deed, thus reducing the number of crosses to be compared 
in determining the most productive single and double crosses. It 
should also be possible to select certain lines for crossing with a reason- 
able assurance that the combinations will be materially more pro- 
ductive than the open-fertilized variety. Thus, 2-—2—1-3-2-1, 
2-2-2-4-6-2, both of the 5—1-—3- lines, 7-4—1-7-4-1, 7-4-2-6-2-2, 
and both of the 10—3—2- lines may be eliminated without any apparent 
danger of serious loss. The 36 crosses necessary to obtain all desired 
combinations between the remaining 10 lines then can be compared 
with greater accuracy. At the same time combinations between 
crosses may be obtained to determine the better double crosses. 


DISCUSSION 


Omitting from consideration the cross grown in field row 64d 
because of the few plants, the average yield of the first six crosses 
listed in Table 6 exceeded that of their checks by 1.57 pounds, or 30 
per cent. That all of these crosses involved a line of the 10-3-1- 
strain and that three of them were between 7—4—1-6-6-2 and a 
10-3—1— line is excellent evidence that the superior productiveness 
of these particular crosses was not due to chance. There can be 
no question, then, that significantly larger yields have been obtained 
by the methods followed. Whether larger yields can be obtained 
practically remains to be proved by further experiments, although 
indirect evidence indicates that they can. 

The strain cross 10-3-x7-4— yielded about 6 per cent more 
than No. 201, F,, in the 1921 experiments (6). The F, of the varietal 
cross, Whatley x St. Charles White, yielded about 9 per cent more 
than No. 201, F,, or about 3 per cent more than 10-3- x 7—4— in the 
same experiments. Other strain crosses yielded slightly more than 
10-3— x 7-4—, but none were significantly more productive than 
Whatley x St. Charles White, from which No. 201 originated. On 
the basis of these results it was concluded that ‘“‘So far there has 
been no advantage in yield from the laborious methods of hand- 
pollinating over what could have been obtained by growing the F, 
varietal cross each year”’ (6, p. 19). 

The average yield of the 11 crosses between lines of the 7—-4— and 
10—3— strains again was about 6 per cent more than No. 201 in the 
1923 experiments. This average superiority, however, was com- 
posed of individual yields, some superior by much more than 6 per 
cent, together with others that were inferior to the variety. The 
average yield of the three better crosses between 7—-4—-1-6-6-2 and 
lines of 10-3-1— was 1.40 pounds, or 30 per cent, more than the 
yield of No. 201 in the corresponding checks. On the basis of the 
9 per cent superiority of the Whatley xSt. Charles, F,, over the 
Delta Prolific, as previously reported (6), this is an indicated superi- 
ority of 21 per cent for these three crosses over the F, varietal cross. 
It is recognized clearly that such a detailed conclusion is unwarranted 
on the basis of data from two experiments differing in time, space, 
and method. ‘The results of the experiments in 1921 and 1923 are 
consistent, however, and the indicated difference is large. The more 
general conclusion that some of the crosses produced significantly 
larger yields in 1923 than could have been obtained from the F, 
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varietal cross, Whatley x St. Charles White, therefore seems en- 
tirely justified. 

Whether particular crosses can be relied upon to give larger yields 
year after year remains to be determined. The higher yields of 
crosses involving 10—3-— in 1921 and 1923, the consistency with which 
crosses involving 7—4—1—6-6-2 were superior, and all of the other 
evidences of individuality among the self-fertilized lines and of 
crosses between them indicate that the large yields of certain crosses 
were not due to chance. The lines had been self-fertilized six gener- 
ations and were reasonably uniform when the crosses compared in 
1923 were made. The experiments of Jones (3) suggest that these 
lines will remain fairly constant from now on, except as germinal 
changes of one kind or another may occur. Even such changes 
should interfere little with maintaining the lines sufficiently constant 
for practical purposes. 

The data presented offer a number of points of interest besides 
the question of the possibility of obtaining larger yields from crosses 
between self-fertilized lines. The erratic yields of the lines in the 
comparison. of successive generations give an excellent idea of what 
to expect during the earlier generations of self-fertilization in such an 
experiment. Lines are isolated occasionally that apparently breed 
true almost from the beginning. The 12—1-l-— and 12-—2—2-— lines 
afford a good example of this condition. Segregating following the 
second selfed generation, these lines have remained consistently 
different through what-is now the eighth generation of self-fertiliza- 
tion. Other lines become constant more slowly, offering greater 
opportunity for selection. 

There is abundant evidence in the data of Table 3 that selection 
can be effective in obtaining lines more productive than the average 
of the generation; in fact, when the small number of lines involved in 
these experiments is considered, there seems to be every reason to 
expect that self-fertilized lines can be obtained that will be productive 
enough to obviate the need for utilizing double crosses for commercial 
planting. An even better example of the effects of selection is 
afforded by the 10-3— strain. Little difference was apparent between 
the rows grown from 10-—3—1-1-, from 10-—3—1-2-, and from 10-3—2-1- 
in the breeding plat in 1921. Selection since then has resulted in 
isolating reasonably fair lines of 10-3-—1—2-, one of which is shown in 
Plate IV. Lines of the 10-8-1—1- strain have been obtained that 
are uniformly as good as the best plants shown in this illustration. 
The 10—38—2- lines, on the other hand, became steadily poorer until 
they can be propagated now only with great difficulty (Pl. V). 

The data from the comparison of crosses made following different 
numbers of generations of self-fertilization indicate no general ad- 
vantage for crosses made following five generations over analogous 
crosses made after three generations of self-fertilization. This sug- 
gests that there is little inherent relation between the yield of a cross 
and the number of generations that its parent lines had been self- 
fertilized before crossing. In other words, self-fertilzation appears 
to be a means of obtaining definite entities from which specific high- 
yielding combinations can be selected rather than a direct cause of 
these high yields. 

The lack of any definite correlation between the yields of the parent 
lines and their crosses indicates that selection for crossing must be 
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based finally on the performance of the lmes in combination rather 
than in the self-fertilized condition. Obviously, however, it is neces- 
sary for practical reasons to have lines that are productive in them- 
selves. There is nothing in these experiments to indicate that just 
as high-yielding crosses can not be obtained from lines which are 
themselves productive as can be had from self-fertilized lines that are 
low yielding and undesirable. 

Considering the investigation as a whole, the data indicate that 
significantly larger yields of corn can be obtained from F, crosses 
between self-fertilized lines. Much attention heretofore has been 
focused upon what might be expected when corn was self-fertilized 
continuously with a minimum of selection. This was natural and 
desirable. The newer systems of corn breeding are distinguished 
chiefly in the utilization of inbreeding, which was carefully avoided 
in the older systems. The attention that has been devoted to the 
expectations under self-fertilization without selection seems to have 
been unfortunate also in some respects. It has tended to emphasize 
the importance of self-fertilization to such an extent as to minimize 
the importance of selection. The present data suggest that the 
increased yields of the crosses are due to selection rather than self- 
fertilization, the function of the latter being principally to obtain 
definite entities from among which to select. Finally, although it is 
desirable for practical reasons'to have self-fertilized lines which are 
as productive as may be, the present investigation indicates that the 
final selection of lines for use in crosses must be based upon their 
performance in crosses. 

SUMMARY 


The yield of 70 F, crosses between lines of corn seff-fertilized for 
six generations before crossing ranged from considerably less to con- 
siderably more than the yield of the parent variety. 

The average yield of three of these crosses was 30 per cent more 
than that of the parent variety, and the consistency of the data 
showed clearly that this superiority was not due to chance. 

This 30 per cent increased yield indicates that these crosses are 
significantly more productive than the F, varietal cross Whatley x St. 
Charles White, which has been outstanding in a number of varietal 
comparisons In northeastern Arkansas. | 

Comparisons between successive generations of self-fertilized lines 
and between crosses following self-fertilization for different numbers 
of generations show the importance of selection in obtaining larger 
yields by the methods followed and indicate that the principal réle of 
self-fertilization is to isolate definite lines differing from each other 
among which selection may be practiced. 

It is necessary for practical reasons to have inbred lines that are 
productive in themselves. The data indicate, however, that there is 
little or no relation between the productiveness of the self-fertilized 
lines and that of their crosses and that the final value of the lines for 
crossing must be determined by comparisons of the productiveness 
of their crosses. | 


(1) 


(2) 
(3) 


(4) 


(5) 


(6) 
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